Optical imaging of treatment-related tumor cell death using a heat shock protein-90 alkylator.
The ability to assess in near-real time the tumor cell killing efficacy of chemotherapy regimens would improve patient treatment and survival. An ineffective regimen could be abandoned early in favor of a more effective treatment. We sought to noninvasively image treatment-related tumor cell death in mice using an optically labeled synthetic heat shock protein-90 (Hsp90) alkylator, 4-(N-(S-glutathionylacetyl)amino)phenylarsonous acid (GSAO). The Hsp90 chaperone is an important element in oncogene addiction and tumor cell survival, and its expression is enhanced by chemotherapy. These factors were predicted to favor the detection of tumor cell death using GSAO. GSAO specifically labeled apoptotic and necrotic tumor cells in culture and cells of comparable morphology in subcutaneous human pancreatic carcinoma tumors in mice. A near-infrared fluorescent conjugate of GSAO was used to noninvasively image cyclophosphamide-induced tumor cell death in murine orthotopic human mammary tumors. The GSAO conjugate did not accumulate in healthy organs or tissues in the mouse, and unbound compound was excreted rapidly via the kidneys. There was a significant increase in the GSAO fluorescence signal in the treated tumors measured either in vivo or ex vivo, and the fluorescence signal colocalized with apoptotic cells in sectioned tumors. The favorable biodistribution of optically labeled GSAO, the nature of its tumor cell target, and its capacity to noninvasively detect tumor cell death should facilitate the application of this compound in studies of the efficacy of existing and new chemotherapeutics.